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WHAT IS CLAIMED IS: 



A Inethod for directing any one of a plurality of input 
optical signals to any one of a plurality of output signal 
channels \n an optical cross-connect switch, which comprises 
determining^ an absolute position of at least one element in said 
switch, saicft element capable of at least one of: directing said 
one output channel so as to receive said one input optical 
channel and directing said one input optical signal so as to be 

\ 

received by said one output channel . 



v 



A method according to claim 1, wherein said determining 
\ 

step further comprises measuring the absolute position using an 
absolute position! encoder . 



rU 3 . A method f or^directing any one of a plurality of input 

III 

Ul optical signals to ^ny one of a plurality of output signal 

channels in an optical cross-connect switch, which comprises 

■me | 

'A- determining a position of at least one element in said switch 



using an absolute posjition encoder, said element capable of at 



least one of: directing said one output channel so as to receive 
said one input optical* channel and directing said one input 

\ ' 

optical signal so as toyt^e received by said one output channel. 



A method for directing any one of a plurality of input 
optical signals to any one of a plurality of output signal 
channels in an optical cross-connect switch, which comprises 
determining an absolute position of at least one of: a receiving 
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end of said one output channel and a transmitting end of an input 
signal channel associated with said one input optical signal. 

A method according to claim 4, wherein said determining 



step further comprises measuring the absolute position using an 
absolute position encoder. 



A method for directing any one of a plurality of input 

\ 

optical signals to any one of a plurality of output signal 

\ 

channels in ah optical cross-connect switch, which comprises 

u 

determining apposition, using an absolute position encoder, of at 
least one of : a receiving end of said one output channel and a 
transmitting end of an input signal channel associated with said 
one input optical signal. 



A method of establishing optical communication in an 
optical cross-connect switch between a first optical fiber and a 
second optical fiber selected from a plurality of optical fibers, 
said method comprising the step of detecting a position, using an 
absolute encoder, of ^at least one of: 

(a) an end of said first optical fiber; 

(b) an end of said second optical fiber; 



(c) an optical element ^operative to influence an optical path 

•i 

between said first and second optical fibers; and 

n 



(d) a plurality of optical elements operative to influence an 



optical path between 



said first and second optical fibers. 
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A method according to claim 7, which further comprises the 
step of moi/ing at least one of 

(a) an endlof said first optical fiber; 

(b) an end of said second optical fiber; 



A 

(c) an optical element operative to influence an optical path 
between said first and second optical fibers; and 

(d) a plurality of optical elements operative to influence an 
optical path between said first and second optical fibers, 



to a desired position, so as to establish optical communication 
between said first and second optical fibers. 

An apparatus, for directing any one of a plurality of input 
optical signals to* any one of a plurality of output signal 
channels, said apparatus comprising at least one absolute 
position encoder operative to detect a position of at least one 
element in said apparatus, the position of said element 
influencing at least one of: an alignment of said one output 
channel and an optical path for transmission of said one optical 
signal toward said one output signal channel . 

An apparatus for an optical fiber cross-connect switch 
comprising at leasd^p^ absolute encoder operative to detect a 
position of at least one element in said optical fiber cross- 

I 

connect switch, the pos/ition of said element influencing an 
optical path for transmission of optical signals between two 



selected optical fibers 



in said switch. 
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An optical cross-connect switch comprising: 



(a) a plurality of optical fibers operative to carry optical 
signals, 

and for each of said fibers: 



(b) a moveable element, a position of which influences an optical 

\ 

path of optical signals that are transmitted between that 
fiber and another selected fiber; and 

(c) an absolute encoder operative to measure the position of said 
moveable element. 

An optical fiber switch according to claim 11, which, for 
each of said fibers, further comprises an actuation mechanism 
operative to move said moveable element to a desired position, so 
as to facilitate optical communication between that fiber and 
another selected fiber. 

An optical fiber cross-connect switch comprising first and 
second groups of optical fiber switching units, disposed in 
optically opposing relation, each of a plurality of the switching 
units in one of said first and second groups further comprising 



(a) an optical f ibei^oj^e^ative to conduct optical signals; and 

(b) an absolute position encoder operative to detect a position 
of at least one of : \ an end of said optical fiber; (ii) a 

\ 

optical element operative to influence an optical path of 



optical signals associated with said fiber; and (iii) a 
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plurality of optical elements operative to influence an 
optacal path of optical signals associated with said fiber. 

14. An floptical fiber switch according to claim 13, wherein each 

of the plurality of switching units in one of said first and 



second groups further comprises an actuation mechanism operative 

\ 

to move at least one of : 

\ 

(a) the end of said optical fiber; 

\ 

i 

(b) the optical element operative to influence the optical path 
of optical signals associated with said fiber; and 



(c) the plurality of optical elements operative to influence the 
optical path of optical signals associated with said fiber, 

\ 

to a desired position, so as to facilitate transmission of optical 

signals between the fibfer associated with that switching unit and 

\ 

another fiber associated with another selected switching unit in an 

\ 

opposing one of said first and second groups . 

15. A method, in an optical cross-connect switch, for directing 

i 

an optical beam from any one of a plurality of input optical 

; 

apertures to any off^pf \a ^plurality of output optical apertures, 
said method comprising '; t 

(a) maintaining a fixed )spatial relationship between an input 

reference pattern and each of said plurality of input optical 
apertures, said reference pattern being common to each of 
said input optical apertures; 
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(b) maintaining a fixed spatial relationship between an output 
reference pattern and each of said plurality of output 
optical apertures, said reference pattern being common to 
eaqh of said output optical apertures ; 



(c) directing said optical beam between said one input optical 
aperture and said one output optical aperture using 



information obtained from at least one of said input 

\ 

reference pattern and said output reference pattern. 

A method according to claim 15, which further comprises the 
step of establishing at least one of said output reference 
pattern and said input reference pattern using a plurality of 
radiation sources. 

A method according to claim 16, wherein said establishing 
step further comprises switching various radiation source from 
said plurality of radiation sources between an on state and an 
off state to generate a pattern of reference radiation points. 

A method according to claim 17, wherein said establishing 
step further comprises changing said pattern of reference 
radiation points with time in a known sequence. 



A method according to claim 18, wherein said directing step 

1 , 

is accomplished by mg^ing- at least one of the following 
components : 



(a) an end of a conduit uf or transmitting said optical beam; 



(b) an end of a conduit for receiving said optical beam; 
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(c) \ an end of an optical fiber for transmitting said optical 

\beam; 

(d) an end of optical fiber for receiving said optical beam; 

(e) at least one element within a path of said optical beam, said 

\ 

element capable of being positioned so as to affect the path 

\ 

of said optical beam; and 



(f) a micro-machined electrostatic mechanical system within a 

path of said optical beam, said system capable of affecting 

\ 

the path of said optical beam. 

A method according to claim 15, wherein said directing step 
is accomplished by moving at least one of the following 
components : 

(a) an end of a conduit for transmitting said optical beam; 

(b) an end of a conduit for receiving said optical beam; 

(c) an end of an optical fiber for transmitting said optical 
beam; 

(d) an end of optical f iber t for receiving said optical beam; 

(e) at least one ele|n^t^ within a path of said optical beam, said 

element capable of being positioned so as to affect the path 

\ 
\ 

of said optical beam; and 

\ 

\ 

] 

(f) a micro-machined electrostatic mechanical system within a 
path of said optical beam, said system capable of affecting 
the path of said optical beam. 
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• A method according to claim 20, wherein said moving step 
further comprises creating relative motion between a 
predetermined spatial pattern and an image of one of: said output 
reference pattern and said input reference pattern, said relative 
motion corresponding to movement of said component. 



A method according to claim 21, which further comprises 
maintaining affixed spatial relationship between said 
predetermined spatial pattern and said component. 

\ 

A method according to claim 21, wherein said predetermined 

v. 

spatial pattern is.a reticle. 

A method according to claim 20, wherein said moving step is 
accomplished by a magnetic actuator. 

A method according to claim 21, wherein said creating step 
further comprises detecting a Moire interference pattern that 
results from said relative motion. 

An apparatus for directing an optical beam from any one of 
a plurality of input optical apertures to any one of a plurality 
of output optical fibers comprising: 

V 

(a) an input reference pattern maintained at a fixed spatial 

relationship with resp|^j^^o each of said plurality of input 

optical apertures, said reference pattern being common to 

I 

each of said input optical apertures; 



(b) an output reference pattern maintained at a fixed spatial 

i 

relationship with respect to [each of said plurality of output 
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optical apertures, said reference pattern being common to 
each of said output optical apertures ; 



at leastvione of said input and output reference patterns being 
operative^to provide information used to direct said optical beam 
between said one input optical aperture and said one output 



optical aperture. 



An apparatus according to claim 26, wherein at least one of 

'\ 

said input and^ output reference patterns further comprise a 

plurality of radiation sources. 

I 

V* 

An apparatus according to claim 27, wherein various 
radiation sources; from said plurality of radiation sources are 
switched between an on state and an off state, so as to generate 
a pattern of reference radiation points. 

V 

An apparatus according to claim 28, wherein said pattern of 

y 

reference points is changed in time in a known sequence. 



An apparatus according to claim 29, which further comprises 

at least one of the following moveable components: 

*i 

(a) an end of a conduit' operative to transmit said optical beam; 

(b) an end of a condu^^operative to receive said optical beam; 

(c) an end of an optical * fiber operative to transmit said optical 

*' 

beam; 



(d) an end of optical fiber operative to receive said optical 
beam; 
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(e) at least one element located in a path of said optical beam, 
said\element capable of being positioned so as to affect the 
path ®f said optical beam; and 

(f) a micro-machined electrostatic mechanical system located in a 
path oflsaid optical beam, said system capable of affecting 
the path\of said optical beam 

and wherein movement of said element is operative to direct said 

\ 

optical beam between said one input optical aperture and said one 

\ 

output optical aperture in accordance with the information 

\ 

supplied by at least one of said input and output reference 

\\ 

patterns. 

\ 

An apparatus according to claim 26, which further comprises 

\\ 

at least one of the ^following moveable components: 

(a) an end of a conduit operative to transmit said optical beam; 

(b) an end of a conduit operative to receive said optical beam; 

(c) an end of an optical fiber operative to transmit said optical 



beam; 



(d) an end of optical fiber operative to receive said optical 
beam; 



(e) at least one element located in a path of said optical beam, 

i 

said element capable of being positioned so as to affect the 
path of said optical* beam; and 



(f) a micro-machined electrostatic mechanical system located in a 
path of said optical beam, said system capable of affecting 
the bath of said optical beam 

and wherein movement of said element is operative to direct said 
optical beam between said one input optical aperture and said one 

\ 

output optical aperture in accordance with the information 
supplied by \at least one of said input and output reference 
patterns . 

An apparatus according to claim 31, which further comprises 
a predetermined spatial pattern, and wherein movement of said 
element causes relative motion between said predetermined spatial 
pattern and an image of one of said input and output reference 
patterns, said relative motion corresponding to movement of said 
component. 

An apparatus according to claim 32, wherein said 
predetermined spatial pattern is maintained at a fixed spatial 
relationship to said component and is moveable therewith. 

An apparatus according to claim 32, wherein said 
predetermined spatial pattern is a reticle. 

An apparatus according to claim 31, which further comprises 
a magnetic actuatofeAojferative to cause movement of said 
component . 



An apparatus acc 



motion creates a Moire 



:>rding to claim 32, wherein said relative 
interference pattern. 
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A method for directing any one of a plurality of input 
optical signals to any one of a plurality of output signal 
channels in an optical cross-connect, switch, which comprises 
detecting a Moire interference pattern and determining therefrom 



a position of at leastlone element l^in said^witgirf said eleme~nt 



capable of at least one of : ( 




directing said OTey / outpu l £ N ^hannel 



so 



as to receive saia one -input optical (^hannej/and directing said 
one input optical signal* so as to be received by said one output , 
channel . 



A method for directing any one of a plurality of input 

t 

optical signals to any one of a plurality of output signal 



channels in an optical cross-connect switch, which comprises 



j 



detecting a Moire interference pattern and determining therefrom 




a position of at least one;] of : /a receiving end of said one output 



r v ^ \ 

channel and a transmit tingjj end of an yi nput j sjignal channel 

I 

associated with said one input opjbi ca] — signal. 




A method of establishing optical communication in an 

!l 

optical cross-connect switch between a first optical fiber and a 
second optical fiber selected from a plurality of optical fibers, 



said method comprising the step of detecting a Moire interference 

j 

pattern and determining therefrom a position of at least one of: 



(a) an end of said first optical fiber; 



(b) an end of said second 



Leal fiber; 



(c) an optical element operative to influence an optical path 
between said first and second optical fibers; and 
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(d) a plurality of* optical elements operative to influence an 
optical path tejmfween said first and second optical fibers. 



An apparatus for directing any one of a plurality of input 

optical signals to any one of a plurality of output signal 

I 

channels, said apparatus comprising at least one position encoder 
operative to detect ai Moire interference pattern and determine 
therefrom a position jp^^ least one element in said apparatus, 
the position of said element influencing at least one of: an 
alignment of said one output channel and an optical path for 
transmission of said one optical signal toward said one output 
signal channel. 



An apparatus for an optical fiber cross-connect switch 

it 

comprising at least one r encoder operative to detect a Moire 
interference pattern and determine therefrom a position of at 
least one element in said optical fiber cross-connect switch, the 
position of said element (influencing an optical path for 

transmission of optical signals between two selected optical 

it 

fibers in said switch. '?» 

n 



An optical cross-connect switch comprising: 



r, 



(a) a plurality of optical fibers operative to conduct optical 
signals, 



and for each of said fibers : 

!• 

(b) a moveable element, a position of which influences an optical 

f 

path of optical signals that are transmitted between that 



>le| 



fiber and another selected fiber; and 
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(c) an encoder Operative to detect a Moire interference pattern 
and use itWS^measure the position of said moveable element. 



An opticaU fiber cross-connect switch comprising first and 
second groups ofi optical fiber switching units, disposed in 
optically opposing relation, each of a plurality of the switching 
units in one of said first and second groups further comprising 



(a) an optical fiber operative to conduct optical signals; and 




(b) a position ^encoder operative to detect Moire interference 



pattern and determine therefrom a position of at least one 
of: (i) an end of said optical fiber; (ii) a optical element 
operative to yifluence an optical path of optical signals 
ifh se 



associated with said fiber; and((iii)/a plurality of optical 
elements operltive to influence an optical path of optical 



signals associated with said fiber. 



A method of implementing an optical fiber cross-connect 
switch comprising the step of detecting a position of at least 
one element \in said optical fiber cross-connect switch using an 

\ 

absolute position encoder, the position of said element 

\ 

influencing an optical path .for transmission of optical 

\ 

communication signals between two selected fibers in said switch. 



A method di implementing an optical fiber cross -connect 
switch comprising* the steps of: 



(a) providing a plurality of optical fibers operative to conduct 



optical communication signals, 
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and for each of fcaid fibers: 



(b) detecting a position of at least one element associated with 
that fiber usjLng an absolute position encoder, the position 
of said element influencing an optical path for transmission 
of optical communication signals between that fiber and 
another selected fiber. 



A method according to claim 45, which, for each of said 
fibers, further comprises the step of moving said element to a 
desired position, said desired position aligning an optical" path 
between an end of that fiber and another selected fiber and 
facilitating transmission of optical communication signals 
therebetween. 

i 

A method of facilitating optical communication between a 

\ 

first optical fiber and a second optical fiber selected from a 

1 

plurality of optical fibers associated with an optical fiber 

i 

cross-connect switch, comprising the step of detecting a 

..J 

position, using an absolute encoder, of at least one of: (a) an 

■■I 

end of said first optical fiber; (b) an end of said second 
optical fiber; (c) an optical element operative to influence an 
optical path between said first and second optical fibers; and 

K 
I 1 

<d) a plurality of optical elements operative to influence an 

S 

optical path between sai'd first and second optical fibers. 



An apparatus for an optical fiber cross-connect switch 



comprising at least one fabsolute encoder operative to detect a 
least one __ 
s|tic 



position of at least one element in said optical fiber cross- 
connect switch, the position of said element influencing an 
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optical path for transmission of optical communication signals 
between two selected! fibers in said switch. 

An optical cross-connect switch comprising: 
(a) a plurality of opt-ical fibers operative to conduct optical 



communication signals, 

\ 

and for each of said fibers: 



(b) a moveable element, a position of which influences an optical 
path of optical communication signals that are transmitted 
between that fiber ,and another selected fiber; and 

(c) an absolute encoder j| operative to measure the position of said 

I 

moveable element. v. 

S 

A method of implementing an optical cross-connect switch 

I 

between a first group of;! optical switching units a second group 

i 
(■ 

of optical switching unlets, comprising the steps of: 

f< 
it 

? 
h 

(a) providing a plurality of radiation sources operative to emit 

•i 

control signal radiation, said radiation sources being shared 

i 

by each of said first group of switching units, 



and in each of said first group of switching units, said method 

I 

further comprising the step of: 



(b) receiving control signal radiation from each of said 
plurality of radiation sources; 
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T 



(c) detecting a po 
with that swit 
said receiving 

(d) aligning an op 
between that s 



sition of a beam steering element associated 
:hing unit based on information obtained- from 
step; and 

ical communication signal radiation beam 
witching unit and a selected one of said second 



group of switching units. 



A method according to claim 50, which further comprises the 



steps of: 



(a) providing a second plurality of radiation sources operative 
to emit control signal radiation, said radiation sources 

i 

being shared by each of said second group of switching units, 

and in each of said ^second group of switching units, said method 
further comprising the step of: 

i 

(b) receiving control signal radiation from each of said second 

! 

plurality of radiation sources; 

i 
i 

(c) detecting a position of a beam steering element associated 

t 

f 

with that switching unit based on information obtained from 

said receiving step; and 

u 

\ 

(d) aligning an optical communication signal radiation beam 
between that sw^^^ing unit and a selected one of said first 
group of switching units. 



An optical cross -connect switch for aligning optical 
communication signals between a first group of optical switching 
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units a selected one of a second group of optical switching 



units, comprising: 



(a) a plurality of radiat 
signal radiation, sa 
of said first group 



ion sources operative to emit control 

radiation sources being shared by each 
f switching units. 



id 



and each of said first group of switching units further 
comprising: i 



(b) an optical system operative to receive control signal 

radiation from each of said plurality of radiation sources ; 



(c) an encoder operative to use said control signal radiation to 
detect a position of a beam steering element associated with 
that switching unit. 



An optical cross-connect switch according to claim 52, 

it 

which further comprises: \ 



(a) a second plurality of 'radiation sources operative to emit 

t. 

control signal radiation, said radiation sources being shared 
by each of said second group of switching units, 




and each of said second group of switching units further 
comprising: ! 

(b) an optical system operative to receive control signal 

i 

radiation from each of' said second plurality of radiation 
sources; 
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f 

(c) an encoder operative to use said control signal radiation to 
detect a position of a beam steering element associated with 
that switching uni 



cross-connect switch, comprising: 



54. An optical fiber 

(a) a support chassis;, 

! 

(b) a plurality of rigidly mounted radiation sources, operative 

I. 

to emit control signal radiation that is incident on said 
support chassis; ! 

(c) first and second groups of optical fiber switching units, 
p disposed in optically opposing relation by said support 

£P chassis, each of 'a plurality of the switching units in one of 

2* said first and second groups comprising: 

eM 

[ l £ (i) a housing , framework mounted on said support chassis; 

S 

D (ii) an optical fiber having a central axis, said optical 

flj fiber being mounted on said housing framework in a 

manner such that said fiber is substantially rigid 
over a portion of its length and said optical fiber 
is bendab^e in a manner allowing movement of an end 

CaJ 

portion of, said fiber about the substantially rigid 

t\ 

central axis; 

! : 

i 

(iii) an actuation system operative to bend the end 

S 

portion of said fiber in response to actuation 



signals 
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(iv) a reticle affixed to the end portion of said fiber, 



said reticle he 
to an end of se 



ving a predetermined spatial relation 
id fiber and being moveable therewith; 



(v) an optical systgem operative to project the control 
signal radiation, so as to create images of at least 
two of said rajaiation sources on a surface said 



(vi) a photodetectpr operative to measure intensity of the 

i 

control signal radiation transmitted through said 
reticle; 

(vii) a control system, operative to: 

i, 

(A) receive the measured intensity of the control 

i 
t 

signal radiation transmitted through said reticle and 

resolve a Moire interference pattern therefrom; 

if 

(B) determine an actual position of the end of said 
fiber on two dimensions; and 



(C) generate said actuation signals, said actuation 
signals c^^5sag said actuation system to bend the end 
portion of ; said fiber and to move the end of said 

i 

fiber to a? desired position, so as to effect a 

i, 

switching .Operation. 

ji 

f : 

I 

An optical fiber switch according to claim 54, wherein said 
reticle is positioned!! and affixed circumf erentially around the 
end portion of said optical fiber. 



An optical fiber switch according to claim 54, wherein said 
control system is f ujrther operative to generate said actuation 
inffc 



signals based on ini 



ormation about the present and historic 



actual position of the end of said fiber and the desired position 
of the end of said fiber. 



An optical fiber switch according to claim 54, wherein said 
support chassis is Jivisible into a first chassis element 

i 

operative to house said first group of optical switching units 
and a second chassis element operative to house said second group 
of optical switching units. 



An optical fiber switch according to claim 54, wherein said 

J 

radiation sources are radiation emitting diodes. 



An optical fibjer switch according to claim 58, wherein said 
radiation emitting djiodes are grouped into a plurality of 
radiation stripes and said radiation stripes are grouped into a 
plurality of radia^j&ni banks , and said radiation emitting diodes 
are selectively cWftjirollable so as to time division multiplex 
pulses of control signal radiation from various radiation 
stripes . jj 



An optical fiber switch according to claim 59, wherein said 
control system is further operative to provide timing information 
to multiplex the pulses of control signal radiation emitted by 

I! 

the various radiation stripes and to de-multiplex the pulses of 
control signal radiation measured by said photodetector , so as to 
individually discern|the measured intensity of the pulses. 
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An optical fiber switch according to claim 54, wherein said 
radiation sources are tjhemselves comprised of groups of radiation 
emitting diodes. 

An optical fiber Switch according to claim' 61, wherein said 
radiation emitting diodes are selectively controllable, so as to 
time division multiplex pulses of control signal radiation from 
the various groups of radiation emitting diodes, and said control 



system is further operative to provide timing information to 
multiplex the pulses of jcontrol signal radiation emitted by the 
various groups of radiation emitting diodes and to de-multiplex 

■I 

the pulses of control signal radiation measured by said 

photodetector , so as top individually discern the measured 

'1 

intensity of the pulses ! J 

ii 
il 

j! 

An optical fiber switch according to claim 54, wherein said 
control system is further operative to determine an absolute 
actual position of the end of said fiber on two dimensions. 

ii 

f 

An optical fiber switch according to claim 63, wherein said 
reticle is fabricated to have surface properties, which comprise 

r 

one of: i f 



(a) non-transmissive^cireas and apertures, that define a plurality 
of cells, each of said plurality of cells having a constant 



cellular pitch, anjci said plurality of cells having an 



aperture duty cycre that varies in a known manner from cell 

/ 

to cell over two orthogonal dimensions; 



/ 
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(b) non-transmissive areas and apertures, such that said non- 



transmissive areas 
regions; and 



and said apertures form concentric annular 



(c) non-transmissive areas and apertures, that define a plurality 
of cells, each of / said plurality of cells having a constant 
cellular pitch, and said plurality of cells having an 
aperture duty cycle that varies in a known manner from cell 
to cell over two f orthogonal dimensions, the known manner of 

variation of the! aperture duty cycle being periodic over the 

J 

surface of said reticle. 

i 

An optical fiber switch according to claim 54, wherein the 
surface of said reticle further comprises a plurality of 
materials, each of which has wavelength dependent transmission 
properties and said plurality of radiation sources further 

comprises groups of radiation sources having different 

■i 

wavelengths . 

An optical fiber switch according to claim 54, wherein the 
surface of said reticle further comprises a plurality of 
materials, each of which has polarization dependent transmission 
properties and one of: said plurality of radiation sources and 
said optical system-, is further operative to polarize said 
control signal raa^ramion in a plurality of manners. 

i 
S 

An optical fiber switch according to claim 54, wherein said 
/ 

control system is further operative to discern rotation of the 
end portion of saiii fiber. 
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68. 



An optical fiber 'cross-connect switch, comprising: 



(a) a support chassis; 



(b) a plurality of rigidly mounted radiation sources, operative 
to emit control signal radiation that is incident on said 
support chassis; 



(c) first and second groups of optical fiber switching units, 

;< 
.1 

disposed in optically opposing relation by said support 
chassis, each of a plurality of the switching units in one* of 
said first and second groups comprising: 

(i) a housing framework mounted on said support chassis; 

i 

(ii) an optical fiber having a central axis, said optical 
fiber being mounted on said housing framework in a 



ru 

si 3 ( 

2 z manner such that said fiber is substantially rigid 

in i 

? over a portion of its length and said optical fiber 



is bendable in a manner allowing movement of an end 

portion of said fiber about the substantially rigid, 
t 

central axis; 

* 

i 

(in) an actuation system operative to bend the end 

portion ^^^^ fiber in response to actuation 
signals; $ 



(iv) an encoder /associated with an end of said optical 

J 

fiber, said encoder operative to determine an actual 
position off the end of said fiber on two dimensions; 
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(v) a control system operative to generate said actuation 

signals based on information related to the present 

and histori<| actual position of the end of said fiber 

and a desired position of the end of said fiber, said 

actuation signals causing said actuation system to 
1 

bend the end portion of said fiber and to move the 



end of saic| fiber to the desired position, so as to 
effect a switching operation. 



An apparatus for use in an optical cross-connect switch for 
selectively facilitating connection between first and second 
optical fibers via an optical path extending across a switch 



interface between said 
comprising: 



first and second optical fibers, 



(a) a first reticle affixed to an end portion of said first fiber 
and moveable therewith ; 

(b) a second reticle affixed to an end portion of said second 

I 

fiber and moveable therewith; 



(c) a plurality o frigidly mounted radiation sources and 
associated optics ^Dperative to emit control signal 

radiation, a first portion of said control signal radiation 

( 

being optically projected onto a surface of said first 

i 

reticle and a second portion of said control signal radiation 

i 

being optically Iprojected onto a surface of said second 



reticle; 



(d) a first photodetectpr operative to detect and measure a 
fraction of the fir£t portion of said control signal 
radiation that is transmitted through said first reticle; 

(e) a second photodetec|or operative to detect and measure a 
fraction of the second portion of said control signal 



radiation that is transmitted through said second reticle; 

i 

i 

(f) at least one controller operative to use measurements from 
said first and second photodetectors to control an actuation 
system to align said first and second fibers, so as to 
configure said optical path extending across said switch 
interface for facilitating connection between said first and 
second optical fibers. 

A fiber position control system for use in optically 
connecting a first fiber end of a first optical fiber with a 
second fiber end of a second optical fiber, so as to permit 
optical communication between said first and second fibers, 
comprising : 

(a) a first reticle affixed to an end portion of said first fiber 
and moveable therewith; 

(b) a second reticle^af fixed to an end portion of said second 




fiber and moveap^e^pherewith; 

i 

(c) a first plurality of stationary radiation sources and 

associated optics ^operative to emit first control signal 
radiation, said first control signal radiation being 
optically project/ed onto a surface of said first reticle ; 
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(d) a second plurality of stationary radiation sources and 

associated optics operative to emit second control signal 



radiation, said s 
optically project 



icond control signal radiation being 

id onto a surface of said second* reticle; 



(e) a first photodetector operative to detect and measure a 

i 

if 

portion of said f'irst control signal radiation that is- 

transmitted through said first reticle; 

t \ 
i 

(f ) a second photodetector operative to detect and measure a 

,i 

portion of said second control signal radiation that is 
transmitted through said second reticle; and 

(g) a controller operative to use measurement from said first and 

second photodetectors to control an actuation system to align 

■i 

said first and second fibers, so as to configure an optical 

i 

path for optically connecting said first and second fiber 
ends to facilitate optical communication between said first 

i 

and second fibers. 

■i 

A method of aligning an end of an optical fiber to a 

desired position on , two dimensions, comprising the steps of: 

t 

(a) providing a plurality of radiation sources, which emit 
control signa^I^adiation; 



(b) affixing a reticle in a predetermined spatial relation to the 

end of said fiber, said reticle being moveable along with the 

ij 

end of said fiber, while maintaining the predetermined 

I 

relation therewith; 



/ 
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(c) projecting the control signal radiation onto said reticle, so 
as to produce images of said radiation sources on a surface 
of said reticle; 

(d) detecting and measuring intensity of a Moire interference 

pattern produced by a portion of the control signal radiation 

f 

that is transmitted! through said reticle and determining 
therefrom an actual position of the end of said fiber on two 

i 

dimensions; ; 

(e) generating actuation signals based on information related to 
the present and historic actual position of the end of said 
fiber and the desired position of the end of said fiber; 

(f) moving said fiber in response to said actuation signals; and 

(g) repeating steps (c) through (f) to ensure that the end of 
said fiber reaches the desired position and remains 
substantially in the desired position. 

A method according to claim 71, wherein said radiation 
sources are radiation emitting diodes; 

1 

A method according to claim 71, wherein said projecting 




step (c) further c(|mp^es time division multiplexing pulses of 

control signal radiation from various groups of radiation sources 

j 
I 

within said plurality of radiation sources and said detecting 
step (d) further comprises de-multiplexing the pulses of control 

I 

signal radiation frc*n the various groups of radiation sources. 
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A method according* to claim 73, which further comprises the 
step of providing timing! information about the multiplexing of 
the pulses of said groups of radiation sources. 

A method according to claim 71, wherein said detecting step 
(d) further comprises trie step of determining an absolute actual 

! 

position of the end of said fiber on two dimensions. 



A method according! to claim 71, wherein said detecting step 
if 

(d) further comprises the step of discerning rotation of the end 



of said fiber. 



A method of aligning an end of an optical fiber to a 

f 

desired position on two] dimensions, so as to establish a 



connection with a target optical fiber among a plurality of 
optical fibers, comprising the steps of: 

i 

(a) providing a plurality of radiation sources, which emit 

i 

control signal radiation; 

i 

(b) affixing a reticl'e in a predetermined spatial relation to the 
end of said fiber, said reticle being moveable along with the 
end of said fiber, while maintaining the predetermined 
relation therewith; 



(c) projecting the control signal radiation onto said reticle, so 
as to produce images of said radiation sources on a surface 

I 

of said reticle and to generate a detectable Moire 



interference pattern of radiation transmitted through said 
I 

reticle, said Moire interference pattern providing 



i 
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information about an actual position of the end of said fiber 
on two dimensions; and 



(d) moving the end of said 
between the actual posi 
desired position of the 



iber so as to minimize a difference 
ion of the end of said fiber and the 
end of said fiber. 



A position measurement system for determining a position on 

i 

two dimensions of a moveable end portion of a fiber in an optical 
cross-connect switch, comprising: 



(a) a reticle affixed to an end portion of said fiber, said 

reticle having a predetermined spatial relation to the end of 

r 

said fiber and being moveable therewith; 

i 

(b) a plurality of stationary radiation sources operative to emit 
control signal radiation ; 

(c) an optical system operative to project the control signal 

'j 

radiation, so as to; ! create images of said radiation sources 

»l 

on a surface of sai'Si reticle; 

'i 
i< 

I! 

(d) a photodetector operative to measure intensity of the control 
signal radiation! transmitted through said reticle; and 




(e) a control system operative to: 



(i) receive the measured intensity of the control signal 
radiationntransmitted through said reticle and 
resolve aj Moire interference pattern therefrom; 
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(ii) determine the position of the end of said fiber on 

two dimensions based on information obtained from the 
Moire interference pattern. 

j 

A method of measuring a position on two dimensions of a 
moveable end of a fiber in an optical-cross connect switch, 
comprising the steps of : ^ 

(a) providing a plurality of radiation sources, which emit 
control signal radiation; 

(b) affixing a reticle in a predetermined spatial relation to the 
end of said fiber, said reticle being moveable along with the 
end of said fiber, while maintaining the predetermined 

relation therewith; .' 

i 

(c) projecting the control signal radiation onto said reticle, so 
as to produce images of said radiation sources on a surface 

of said reticle; / 

} 
■f 

(d) detecting and measuring intensity of a Moire interference 
pattern produced by a portion of the control signal radiation 

( 

that is transmitted through said reticle; and 

;/ 

'j 

(e) calculating the position of the end of said fiber in two 

ii 

dimensions us in^in format ion contained in the Moire 
interference pa^ft^rn. 



An actuation system for moving an end of a fiber in an 
optical cross-connect switch on two dimensions, comprising: 
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# 



(a) a housing framework operative to affix said fiber, such that 
a central axis of said fjiber is substantially rigid over a 
portion of its length anp said fiber is bendable in a manner 
allowing movement of an end portion of said fiber about the 
substantially rigid centaral axis; 

(b) a magnetically responsive element, said magnetically 

f 

responsive element affixed to the end portion of said fiber 

I' 

and moveable therewith;). 

r 

(c) an actuation element, said actuation element disposed around 

| 

a circumferential perimeter of said fiber in a location near 

i. 

to the substantially rigid central axis of said fiber and 

I 

said actuation element further comprising a plurality of 

ii 

actuator branches, which actuator branches are disposed at 
regular intervals around the circumferential perimeter of 
said fiber and extend towards the end of said fiber, said 
actuator branches ea;ch having a coil of wire wrapped around 
at least a portion of their length; 

(d) a plurality of individually controllable current sources, 
each of said current sources selectively operative to deliver 

j 

a controllable amount of current to the coil of wire wrapped 

■i i 

around one of said L&c>cua tor branches, so as to create a 

i! 

magnetic field in the vicinity of said actuator branch, to 
create a magnetic force on said magnetically responsive 



element, and to mo^e said fiber end. 
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An actuation system according to claim 80, wherein said 
actuation element is made ojat of a magnetically polarizable 
material . 

An actuation system according to claim 81, wherein said 
actuation branches extend foast the end of said fiber, so as to 
create a component of magnetic force oriented parallel to the 
central axis of said fiber, said component of magnetic force 
operative to prevent said fiber from bending in more than one 
location. 

A method of moving an end of a fiber in an optical cross- 
connect switch on two dimensions, comprising the steps of: 

(a) providing an actuation element, said actuation element 
disposed around a circumferential perimeter of said fiber in 
a location near to a substantially rigid portion of said 
fiber, said actuation element being comprised of a plurality 
of actuator branches, which actuator branches are disposed at 
regular intervals around the circumferential perimeter of 
said fiber and extend towards the end of said fiber, said 
actuator branches each having a coil of wire wrapped around 
their length; 

(b) providing a ma^^ically responsive element which is affixed 
to the end portion of said fiber and is moveable therewith; 

i 

(c) introducing current into the coil of wire wrapped around at 

/ 

least one of saa/d actuator branches, so as to create a 
magnetic field ^.n the vicinity of said actuator branch, to 
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create a magnetic force on said magnetically responsive 
element, and tlmmohe said fiber end. 



1y 
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